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Quantitative Assessment of Coronary Artery Stenosis by Intravascular Doppler Catheter Technique
The assessment of coronary stenosis severity based on the measurement of blood flow velocity in a normal segment of the artery and of the transstenotic peak flow velocity is an interesting new application of the principle of continuity of flow allowed by the use of intracoronary Doppler probes. In the first study consistently applying this principle in the human coronary circulation, Nakatani et all used 20-MHz Doppler catheters with a pulse repetition frequency of 62.5 kHz.2 With this system, however, they were unable to record flow velocities > 115 cm/sec because of the development of frequency aliasing. As a result of this technical limitation, all the flow velocity measurements were obtained in mild to moderate coronary stenosis, with a percent cross-sectional area reduction <75% (diameter stenosis <50%). In patients with significant coronary stenosis undergoing coronary balloon angioplasty, we extensively used intracoronary catheters with the same end-mounted Doppler annular crystals,3,4 and more recently, a custom-designed system was developed for spectral analysis of the Doppler signal.5 Frequency aliasing or a partial or complete obstruction to flow with the catheter advanced immediately proximal to severe stenoses precluded the acquisition of flow velocity measurements in the range of the expected maximal flow velocity. With the use of 0.018-in. steerable Doppler guide wires with a larger sample volume, lower carrier frequency (12 MHz) and higher pulse repetition rate (96 kHz),6 however, we were able to obtain more reliable results and measure flow velocities >3.5 m/sec within the stenosis.7
Despite these recent technical developments, we believe that basic limitations related to flow dynamics across the stenosis can impair the clinical applicability of the principle of continuity of flow in the assessment of coronary stenosis. As correctly noted by Nakatani et al,1 the maximal blood flow velocity measured from the Doppler envelope after spectral analysis of the signal is the most reliable parameter obtained from intravascular Doppler probes.8 The use of the mean velocity calculated from the velocity spectrum is precluded by the unavoidable presence of non-flow-related signals (wall thumps, artifacts), the inability to include the entire velocity profile of the artery in the sample volume, and the different signal intensity induced by the higher density of scatterers in the central flow lamina.9 The comparison of the maximal velocity in a normal segment and within the stenosis, as proposed by Nakatani et al,1 is possible only if a fully developed velocity profile is present in both positions. In the presence of abrupt changes of vascular diameter, however, a vascular segment several times longer than the vascular diameter is required to obtain a fully developed parabolic profile, as predicted from classical models and confirmed experimentally.10 It is obvious, therefore, that for short stenosis, the use of the maximal velocity will lead to a predictable underestimation of the percent cross-sectional area stenosis.
Thus, there are both technical and physical limitations to applying the principle of continuity of flow for the assessment of the severity of significant coronary stenoses. C Reply Although our method based on the continuity equation is applicable to estimate functional severity of coronary artery disease, it has technical and physical limitations, which are discussed in our article.1 Some of the limitations inherent with a Doppler catheter might be overcome by development of new devices. For example, use of 0.018-in. steerable Doppler guide wire system minimizes flow interference by a catheter. Moreover, the system makes it possible to measure higher velocity >115 cm/sec, which may aid quantitative estimation of a severe coronary stenosis.2,3 However, problems related to fluid dynamics are not necessarily solved by the technical developments. To apply the continuity equation to coronary flow, a blunt flow profile should be obtained in both prestenotic and stenotic segments. In the presence of a short stenosis, however, the velocity profile at the stenosis is relatively sharp, and a vascular segment of several times the diameter is required to show a blunt profile.4 Therefore, as Di Mario et al showed, the Doppler continuity equation method might underestimate the actual severity when the stenosis is short. This might be one reason for the smaller cross-sectional area determined by Doppler compared with angiography in our study. Johnson et al5 applied short stenosis implants (about 2 mm in length) in the canine model. Nevertheless, they showed a good correlation between the estimated cross-sectional area of the stenosis using the continuity equation and the spectral peak velocity and the true cross-sectional area. Thus, the effect of a short stenosis on the velocity profile might be insignificant in terms of its influence on the estimation of stenosis severity.
Heart Rate Variability in Myocardial Infarction
In the June issue of Circulation, Casolo et all suggest that the heart rate variability of patients with acute myocardial infarction (MI) has not been adequately studied. In fact, a very thorough study of heart rate variability of patients after acute MI was carried out in the (then) Soviet Union by Khalfen and Temkin.2 They followed subjects for a month and found essentially what Casolo et al report. We subsequently used the Soviet method of entropy calculation to evaluate patients admitted to rule out MI and discovered that MI-positive patients had lower variability than patients who were ruled out.3 The advantage of the entropy method is that it does not presume normal distribution of RR intervals.
It must be also pointed out that the Soviets performed considerable work in this area, although apparently the language barrier (and the cold war?) prevented adequate recognition of their work. One fine example of this work is the evaluation of autonomic tone as measured by power spectra.4 Joseph P. Zbilut 
Reply
We are grateful to Dr. Zbilut for his contribution. However, it should be pointed out that it would have been very difficult even for a Soviet researcher to realize that the cited article of Khalfen and Temkin' dealt with heart rate variability (HRV). Besides the title, the language used would have been, and still is, a barrier. In fact, only the abstract of the article is available in English. This abstract does not provide much information. Provided that heart rhythm entropy equals HRV, the authors obtained some results that apparently are similar to some of those in our recent study in Circulation.2 Our article describes many other aspects than those stressed by Dr. Zbilut. Among other things, we demonstrated that HRV is significantly related to infarct size and left ventricular function, is increased after thrombolysis, is significantly related to mortality, and increases progressively over 3 months. A significant aspect of our work was the use of an index of HRV that had already been clinically validated.3 None of these points is readily apparent from the work of Khalfen and Temkin.
Concerning the second article cited by Dr. Zbilut, which deals with patients having significant cardiac events,4 we would like to stress several points. The authors used very short strips of data (12 seconds of ECG), different recorders, manual calculations of the RR data on strips recorded at 25 mm/sec, a single observer, and a single measurement. Based on this study, it does not seem possible to derive that acute myocardial infarction (AMI) patients had lower HRV than non-AMI patients, because AMI patients were not considered as a distinct group. Patients were enrolled without differentiation between AMI patients and patients having lifethreatening arrhythmias.
Force-Frequency Relation in Human Heart Failure
In their recently published article, Mulieri and coworkers1 reported that in nonfailing human myocardium, the ascending limb of the force-frequency curve peaks at a stimulation frequency higher than those for failing myocardium. Force of contraction increased in nonfailing tissue, but it did not change significantly in failing human myocardium. The authors used a butanedione monoxime (BDM) solution containing 30 mmol/l BDM to protect myocardial tissue from dissection injury. However, the exposure to 30 mmol/l BDM of the preparations before the experiments might have influenced the results. This potential limitation was highlighted in the "Discussion" section. The authors emphasize that control experiments investigating the effects of BDM pretreatment on the force-frequency relation in human myocardium would be
